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a u HANDS ON 'D '0

It§" Need DOE·2 Help!! Ca.11 Brucell
Bruce Birdsall is available to answer user ques­
tions. You may call him Monday through Fri­
day, from 10:00 a.m. to 3,00 p.m. (PST), at
510-829-8459. This service is supported by the
Simulation Resarch Group.

1/93900 - (c) 1993 Regents of the Umv. California,
Lawrence Berkeley Laboratory. Supported by the
Asst. Secretary for Conservation and Renewable
Energy, Office of Building Technologies, Building Sys­
tems and Materials Division of the U. S, Dept. of
Energy, Contract DE-AC03-76SFOO098.
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It§" MEETINGS ~

Mar 24-213, 1993 - Sixth National Demand-
.......................$.!#~.M~~~g.~~~.~.~. 9.~.TJI~!.!f.t"f.~~ .

to be held in Miami Beach, FL.
Contact: Patrice Ignelai, "Sixth National
Demand-Side Management.' 'Conference, 1320
Solano Avenuejl203, Albany, CA 9.5706.

May 3--4, 1993 - Institutional Energy
Conservation Programs:

.........., f.~'!-.4.!fn!..¥.9-.t;l.t?-!/r:m~.'1}~ .
to be held at the University of Minnesota.,
Twin Cities Campus.
Contact: David Grimsrud, Minnesota Build­
ing Research Center, 330 Wulling Hall, 86
Pleasant Street S.E., Univ. of Minnesota, Min­
••apolis, MN 55455 - Ph: (612) 626·7419.

Jun 1-5, 1993 - ECEEE Summer Study 1999:
Energy Efficiency ChaUenge

......................... J~r. ;/f;~r!?p.r: ..
to be held in Runstedgard, Denmark.
Contact: ECEEE Summer Study, NVE,
P.O. S091 Maj., 0301 Oslo, Norway
Pb: 47·2-44·9002, Fx: 47-2-95-9099.

~1;1.~ .~k~9.~.~.~.~~. :::: .lr:.r;J.9.'!M.i!?~ .f!.f!~~~',!!g, .
A world conference on advanced housing for
energy efficiency and environmental responsi­
bility; to be held in Vancouver, B.C., Canada.
Sponsors: CANMET, Canada Mortgage and
Housing Corporation, Canadian Home Build­
era Association, Internationa.l Energy Agency.
Contact: Darinka Tolot, Conference Coordi­
nator, CANMET, 580 Bootb Street, 7th Floor,
Ottawa, Ontario KIA OE6, Ca.nada
Ph, (613) 943-2259, Fx: 996-9416.
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ENERGY ANALYSIS OF THE TEXAS CAPITOL RESTORATION

B. D. HUM, PhD.
Head. Building Energy Systems Program
Center for Energy Studies
The Univcnity ofTexas at Austin

J. A. Banks
Research Associate
Center forEnergy Studies
TheUniversity of Texasat Austin

S. N. Reddy
Graduate Reseazch Assistant
CenterforEnergy Studies
The University ofTex.as at Austin

ABSTRAcr ,
Thispaper prtscnuthemethodology and resultsof a detailed

energy analysis of the Tcxas Capitol Restoration. The purpose of
this analysis wasrwo-foJd: 1) to determine theprojected energy
costsavings of. sc:rics ofdesign alternatives for the Capitol
Restoration, ancI2) tocalibrate thesimulation modelof the
Capitol inits~SIORd condition (in September 1991) using
monitored cnctIY usc datafrom the TexasLoanSTAR program.

TheCapitol in itsproposed restceed condition wassimulated
using the DOE·2 building energy analysis computer program
with long-term Austin weather datato project the annualenergy
use. peak elecDic demand, andannual energy cost. Thcna 'Series
of 13 energy efficient design alternatives wassimulated. The
results werecompared 10 thoseof the basecase to detenninclhe
projected annual energy and energy COSt savingsfor each
measure. andfa' cembinations of several of themeasures.

Finally, thepaper documents thecalibration oftheDOE-2
model fortheCapi!Ol in itt prettstored condition, using
monitcmd how-Iy whole-building elcctric data (excluding heating
and cooling energy).

BASE CASE DESIGN MODEL FOR TIlE RESTORED
CAPITOL

OccllPaucv AmmprlQDs Ind Zoning Configuqdon
TheLegislature was assumed to beiD session for the full

year,withno recesses. The building is accessible 24 hours. day
with publlc spacesfully lighted and openu all times, but with
offices closed, exceptforcleaning: staff.from 10PM to 8 AM.
Occupancy of theSenate and House chambersand hearingrooms
follOws typi~ in·sessionpancms for scsslona, hearings, and
tours.

The restored Capitol.whichcpnsistsof 318.095gross
useable squarefeetor flooram. (all of whicharcconditioned),
wasdividedinto28 thermal zonesforthe DOE-2analysis. The
approach adopted was to aggregate similara=as verticallysoas
tominimize thenumber of zones to be: COl1Sidcrcd. This
a~gation took into consideration orientation (solar
differentiation), occupancy and usc~s, andexteriorwall
geometry. Figure I shows the zoning adopted; sec Reference 3
foradetailed description.
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Figure 1. ZoningConfiguration lor Capitol Restoration Model
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IN11<ODUcnON
In Oclober 1991 consauction began on therestoration of the

Texas SlateCapitol 10 itsoriginall880s condition. The
restoration is heiDg cocrdinalCd with theconstruction of the
underground Capitol Extension building thatis being builtadjacent

.... to theCaphol toils 1lOtth, Because of its historic nature the.
Capitol isexempt fromtheTexas EllUgy Coruervalion Design
Standard/or NewSrauBuildings (4). However, it wasthc
desire of theStaIc Pl'esctvation Boaniand theGovernor's Energy
Office toincorptnlC as many cnergy eff1cient features as were
feasible.

Thus, the CeDta' forEnergy Studics at TheUniversity of
Tcxas at AUS1in wucootraCted to c:onduet a detailed encrJY
analysis of !he Capitol Restoration design soas to detetm1ne the
projected energy COlI savings andpayback periods of a proposed
series of 13deSIgn I1tematives andseveral combinations of these
alternatives. The payback periods werethenusedin retrofit
funding dccisiOllS fll' the LoanSTARprogram. We used~e
DOE-2.1D buildingencrgy analysis computer program (IBJ\.~ PC
version) to simulate the building (5). Because of thecomplex
buildingconfiguration and its diverse functional usepattern, the
energy analysischa1lengcd thelimits of the building energy
simulation program.

A sccondaryobicctive of the study was10 calibrate the
simulation modd ohhe Capitol in itsprcrcslOrM condition using
monitored energy usc datafromtheTexasLoanSTAR program
(8). A lackofrdiablemeasured heating andcooling data limited
thecalibration tonon-plant electric energy. Theresults of the
calilntion WCJeDot used in the restored Capital analysis.

Thispapo'" desa:ibcs the DOE·2 inputdatagathering process
for theCapitol andIhcassumptions made in themodel. .
Simulalion resuJts, using long·lerm average TestMeteorolOgICal
Year (1'My) wca1bcr data, arcpresented for theCapitol .
Restoration design oripnallyproposed by thecontract architectS
andengineers. These results lie presented in tenns of annual
energy use(gasandelectricity), peale. electric demand, and
esrimated annual entIlY COIL Thenenergy cost savings results

1. arepresented fota scncs ofenergy efficient design ehemedves,
... including envelope, lighting, and HVACsystemmeasures, as

compamilO theoriginal design basecase. Finally, wedocument
thecalibJation of the DOE-2 model wing monitored hourly
whole-building electric data fortheCapitol in its prc:restorcd
condition. A detaUcd discussion of theanalysis and results is
presented in Reference 3.



!Vijlls and Roof
,- Although theCapitol involves anelaborate exterior
.... mplifications were required for a workable computerm'o.:lel. In
'vera! places walls were moved outward to be flush with the

entrances. giving a simplerrectangular form, and porticos and
entrance setbacks were eliminated. Care was takento keep the
exterior ~all areaand enclosed floorareaconstant. Although
~elf-shading of thebuUding in thesetbacksand notcheswas lest
In the sunplified outline, self-shading of exteriorwalls was
maintained. A comparison of the simplified outlinewith a more
detailed model showed a difference ofonly 1% in overall heating
and COOling loads. Shading fromexterior pilasters,columns,
wallcnsea. andcomicesis also neglected, but shadingfrom
largenearbytrees is net, The curvedupper rotunda anddome
wererepresented bya rectangular solidwith equal surface area.
The atticspaces were simplified intorectangular shapeswith flat
roofs, with the height of the side walls SCt to give equivalent
volume.

Wall construction is of uninsulated limestone, with
thickness varying from 2 ft at the topto 5-6 ft at the bottom; a­
granite facade covers mostof the exierior area. The composite
wall is modeledas a 40ft thick masonry wall, the maximum
thickness allowed forthe DOE-2weighting factors. Roof
construction is uninsulated wood, withbuilt-up roofing; the attic
skylights are Jl8-in.texturedglassin metal frames.

Windows
All windows are single-glazed with woodframes,modeled

witha If-value of0.98BtUlb-f12-Ofand a shadingcoefficientof
0.82 for 1/4-inch glass. The numberof windows in themodel is
reduced by representing groups of similarwindowsby I single
window located a! thecenterof the group; a multiplier command
increases theeffective window areato equal that of the group,
while maintaining essentially equivalent shading effects, Ground

l floorwindows, which are panly below grade,have the top one­
,...,third of theirarea exposed to solarirradiation, with the remainder

within light wellsshaded by a metalgratingcovered by screen.
This lowerwindow section is assumed to receive no solar
irradiation, but is exposed to outsidetemperatures.

Schedules
Schedulesforoccupancy. lighting, and equipmentusc, and

for HVACsystem operation, are assumed 10 followdaily,
in-session panems in theprerestored Capitol. For most
schedules. the dayisdivided into the regular workday from8
AM 10 6PM,an extended workday from6 PMto 10PM., and
nigh! from 10PM to8 AM. Typicaloccupancy and equipment
schedules foroffices (the majority of the floor space)are 100%
of design valuesduringpeak occupied hours, and 2% during
unoccupied hours. Similarly, the office lighting schedule is
essentially 100% during peak occupied hours and 20-35%during
unoccupied hours. Sixbasicschedulesare used:public,
night/emergency, office, Senatechamber. Housechamber.and
conference or hearing rooms. Other schedules apply to the
library. the Speaker's apartment, the kitchen. storageareas. and
attics. The nighl/emergency access areasare lightedat all times,
as are the public areas.

Electrical! pads
1i£bIi.n.£: Lighting loads arecalculated from a count of

installed fixrures and theirwattages asshownin the electrical
drawings and speclficanons. Installed wattagesin office and
conference/hearing areas arereducedby 10% to accountfor
roomswiththe lightsturned off; the lighting schedule is applied
to this value. The overall lighting schedulefor a zone is a
weighted composite calculated by multiplying the hourly schedule
factor foreachusetype by the proportion of wattageassociated

.....with that use. andsumming over all use types.
_ . On the ~asis of these calcula~ons,. theaveragediversified

lighting load m theoffice spacesandadjacent corridors is about
2.0 W1[[2, and in the library about2.9 W/rt2. Diversified lighting
is higher in the Senateand HouseChambers: 3.0 and 3.5 W/ft2,
respectively.

EquiPment: The equipmentelectrical loadin offices and
hearing andconference rooms assumesa base plugload of
0.5 W/~t2. which: includes coffee makers, task lighting,
answenng machines, and other general office: equipmem, In
addition. a computeris assumed to be on everydesk with one
des.k per100 ft2 ~n staff offices andone deskper offi~e for
legtslators and aides. A power of 150W is usedas a typical
~omputer eleceical lcad, averaged over its qlCflting cycle. which
IS roughly equivalent to an ffiM XT or AT (6, 9). This amount is
reducedby 10%, to account for diversity. Copy center
equipment is an additionale1ectricalloadon the ground floor.
~en t;hese loads are aggregated, the typical installed
(diversIfied) load for the offices andadjacent circulationspace is
0.8 to 1.0 W/ft2•

In the library the diversified equipmemload is 0.7 W/ft2
which includescomputers, copiers, microform readers and other
equipment. The Senate chamber equipmentload is 0.1'W/ft2,
whereas theHouse chamber loadis set a10.2W/ft210 accountfor
theadditional powerused by the TV monitors at each desk and
theelecoonic votingsystem.

Hat Gain from Occupants and Hot WalerUse
The cooling loads generated by the building occupants are

based on informationin the ASHRAEHantlbook 0/
Fl.lndame,!tals (1): In addition. theTexas BUil~g Energy
Conservation Destgn Standard (4) provides guidelines for hot
wateruse. The number of people used for thesecalculations is
basedon a sealcount in the Senateand House chambersand their
gallcrles. and on an allowance of 15(t2/person in hearing and
conference rooms, 100 ft2lpersonin offtce areas, and
200 ft2tperson in circulation areas.

Infiltration
Amajorsource of infilaation is thefoursets of entrancedoors on
the first floor. which are large, tendto open and close slowly,
and havenoinner vestibule doors to reduceairflow. Basedon
discussions with operating personnel,the infiltration rare for each
set of doorsis estimated at 2,000CFM inwinterand 1,000 CFM
in summer. Infiltration is estimatedat 0.1 air change per hour
(AOI) in the exterior zones. even with the building pressurized.

SRCciaJ Areas
The modelfor the ftnt-floor kitchen assumes high use for

lunchanddinner every weekday;equipment is commen::iaJ grade
with relatively high power demands and modest latent loads.
Included arcappliances such as refrigerarors, freezers. ranges.
anddishwashers. Diversity factors,schedule, and base
equipment loadfor theSpeaker's apanmenr werechosen to
reflect residential panems.

HYACSys"rns
AlthOUgh many zones have amix ofHVACequipment

types, thiscannotbe modeled with DOE-2. Therefore, eachzone
is treated asllaving one system type, witheitherfan-coil, single­
zone.or multizone units according to thepredominant typeof
equipment used in the zone. The groundand rUSt floor offices
and theI~ aremodeled as fan-coil systems. withoutside air
supplied bySlngle'zoneair-handlingunits (AHUs)through
dUCTWOrk and ceilingdiffusers; thefirst-floor corridors, the
knchen, andthe tunnel to the CapitolExtension use single-zone
systems; and thesecond through founh floors, thecentral core,
and thesouthwing use multizonesystems. The fourth- and fifth­
000/ atticshaveunit heaters to prevent freezing temperatures,
while the upperpartof the rotunda is treatedas an unconditioned
zone.

To controlhumidity, the fan-coil and multizone areas have
associated systems that precondition outsideairanddeliverit to
theoccupied spaces at neutralconditions of temperature and
humidity. Because DOE·2does notallow more thanone system
to servea zone,thepreconditioning systems aremodeled
separately,andconnectedto dummyeones,one set for all fan­
coil systemsand One set forall multilanesystems. Thus, the
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preconditioning systems meet theoutsideair loads. while the
( ~!l systems meet onlyinternal andinfiltration loads. As
~esigned, thepreconditioning systemsuse mixing of conditioned

outside airwithreturn air to achieve effective reheat,witha coil
bypass anddamper system controlling the temperature of the
outside air. These systems are modeled as reheat fan systems.
which is theonly DOE-2 system type thatcan deliver air at the
desired conditions. Thereheat system uses a variable­
temperature(55"F10 75"F)cooling coil, which is disabled at
outdoortemperatures below6OQF. whendehumidification is not
needed.

Total supply, outsideair, andexhaustairflows for each
zoneare taken from the diffuserspecifications shown on the
mechanical floor plans;outsideairflows rangefrom 13% to 20%
of supply airflows. The fan powerand airflow rates for the air
handlers aretaken fromthemechanical equipmentschedules,
with thevalues for the mulrizone AHUs divided proponionalJy
among the zones served. The electrical powerused by thefans
foreachzone isspecified on a kW/CFM basis, averagedoverall
units serving the zone. "

Planl Specjfications
Based ondiscussions with the StatePurchasing andGeneral

Services Commission (SPGSC), a chillerefficiencyof
0,65 kW!lon anda steamboilerefficiency of 75%were assumed
for thecentral plant.

CAPITOL RESTORAnON ENERGY EFFICIENCY DESIGN
ALTERNATIVES

The setof design alternatives thatwasanalyzed isdescribed
below.

1. Additional Window Shutters. Add interior wood
shuners 10 21,245 ftZof windowthat life not included in ue
preresrcred condition. Theseare modeledby changingthe

~ shading coefficient from 0.82 to 0.65 and the U-value from0.98
10 0.59 BtuIb_ft2_ GF. These valuesassume that 75% of these
shutters areclosedat any given time. Ij-values and shading
coefficients areobtained from ASHRAE (1) and Pletzerer al. (7)
for louvered woodshuucrs behind l/4-in. glass in wood frames.

2. Cupola Ventilation faDS. Four 2,800CFM exhaust fans
are placed in eachof thefourth floor attics. Thesefans cperae 10
cool theatticsbydrawing in outsideair whenthe temperature in
theartie risesabove 80GF andthe ambienttemperature is at least
4GF cooler.

3. Diaghrasrn at Ocylus. Add a circularglass diaphragm al
theoculus at thetop of the interiordome 10 control venting
through thedome. This is modeled by eliminating general
infiltration in theperimeter zoneson all floors; local infiltration al
thefourexterior doorson the first flooris maintained.

4. Skyli¥hl Interior Shade. Adda reflective-coated fabric
shade beneath theskyligtus in the founh and fIftb floor atticsto
inhibit summer solarheat gain. The shadingcoefficient of the
skyli ghtsis reduced from 0.86 to 0.30, and the If-value is
reduced from 1.23 to 1.00BtuIb·ft2.oF. These valueswere taken
from ASHRAE (1) for a high-refleclance, medium weave fabric
behind I14-in. clearglass in a metal frame with no thermal break.
This alternative wasrun with the shade in place all year,andwith
the shadeusedonlyduring the summermonths.

5 Hjgh.Efficiency Lampsand BaJlASlS. Substitute high-
efficiency lampsande1ectronic ballasts in all fluorescent and
meta! halide fixtures. nus change is modeled by a reduction in
lighting wattage for five fixture types: 2.5% inthemetal halide
nxtures,22% in the I· and 2-tube fluorescent fixtures, 20% in
the3-tube/2·ft fluore:scenlS, and 16%in the 3·tube/8·ft
Fluorrscems Ouminous ceiling). This results ina reduction in
installed lighting wanageof approximately 15% ingroundfloor

-..... andartie zones and2% elsewhere (SeeReference 3 for more
detail).

6. Lightin~ CongoJ Package. This includesthe addition of
a-sep dimmers on the lightsabove the luminous ceilingin the
House chamber, and the installation of occupancysensors in the
ground floor offices,and all hearing, conference, and resuooms.

nO&-2 U~er News. Vo1.13, No.4

The occupancysensorsare assumed to save25% of the occupied
period lightingenergyuse in the offices, and 40% of the
occupied periodlighting energy use in thehearing and conference
rooms and in the restreoms (2).

7. UOCQodilionc<l Corridors. Delete thesystems supplying
air to the east- andwest-wingcorridorson the fJtSt floor,
excluding areas adjacentto the exteriordoors. This approachwill
relyon infiltration and rerum leakage fromadjacentzones, as
wellas conduction throughthe wallsof adjacentoffices, for
ventilation and temflC!1l:nR control.

8. DiRer Di~ta! CoD!rO!s. These permitreset of the hot and
colddecktemperatures in themultizone systems 10 accommodate
thezoneswith thegreatestheatingand coolingloads at a given
hour. The base casereset from I05GF to 85GF is deleted, but the
summer shuldown of the heatingcoils is retained; the fixedcold
decktemperature ofSSOF used in the base case is deleted.

9. Theunosrlt Offsets. In this strategy the heating
thermostat is set badefrom 72°F to 67GF and the cooling
thermostat is set up from 75GF 10 850f dwing unoccupied hours
for all conditioned zones. The multizone system heating/cooling
coilsarc disabled. as necessary, 10 preventforced temperature
offsets.

10. TMrSgecd Fan Operation with OutsideAir SbuIdown.
Speed controls arcadded to the fan motors of the single- and
multizone AHUs to reduceairllow during unoccupied hours
(10PM to 7 AM). During this time the fan-coil unitsare on
night-cycle controlsand the outside-airdampers areclosed,
except as necessary to balanceexhaustairflows. During the day,
the fanssupplyfulldesignairflow,while at night they operate at
either50% cr 75% of design flow. This control scheme is also
usedfor the outside-airpreconditioning systems,as is detailed in
Reference 3.

II. Variable Airyolume Fans. Speedcontrolson the fan
moton of the single-and muhizoneAHUs ereset to provide
continuously variable~Iy airflow,at an averageenergy use of
approximately 0.6W/CFM The thermostats set the volume 10
match theheatingor coolingdemandin the zones. As with two­
speed operation,this alternativewas run withboth 50% and 75%
minimum airllows. withtheratio ofoutside air to supply air
maintained constant.

Variable-volume operationis also applied to the outside-air
preconditioning systemfor the multizonesystems.

12. Web-Efficiency Moton. High-efficiency motors are
substituted for all supplyand exhaust fans andfor the elevator
drives. The standard motorsale assumedto meet minimallythe
TexasEnergyConservation DesignSiandard(Table 5-1 in
Reference 4); the high-efficicncy motorsareasdetailed in the
specifications for the CapitolExtension (2),differendared by
motorsize.

13. Inmased ATCoolin, Coil Desjcn. In all HVAC
systems substitute coolingcoilsdesignedfor 16°Frather than the
norma1100F chilledwater emperaruredifference in the AHUs,
and 12GF rather than 1O"F in the fan-coil units. This permits
reduced chilled-waler flow rates through thecoils and results in
lowerpumpingpower. In addition, chilledwater is supplied to
thecoolingcoilsat 44"F, butreturns at 58Gfratherthan 54GF

improving thecentral chillerefficiencyfrom 0.65 to '
0.61 kW/ton.
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___ Combjnation Alternatiyes
l _ Alternatives 14·17 represent various combinations of HVAC
1IIipI System control options,as identified in Table 1. The flnal

composite of all alternatives selectedfor implementation includes
the following:

Additional window shutters (Altemative 1)
High-efficicncy lamps and ballasts (Alternative 5)

• Lightingcontrol package (Alternative6)

Direct digitalcontrols (Altemative8)
Thermosur offsets (Alternative9)
Night-cycleoperation withoutside air shutdown
(panof Alternative 10)
Variable-volume fans (Alternative 11)
High-efficiency motors (Alternative 12)
trcreased 6 T cooling coil design (Alternative 13)

TABLE 1
EneriY Use and Cost Summary

TexasCapitol Restoration Design Alternatives
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ENERGY ANALYSIS OFBASE CASE AND ALTERNATIVES

A summary of annual enerp useandprojected energy cost
savings for the DOE-2 simulatiOns. using long-term (TM:Y)
weather data forAustin. arepresented inTable 1. Results for the
basecase andforeachallernative andcombination of alternatives
are given. However. Alternative 2 (Anic Ventilation Fans)is
omilled because. as is discussed belo...... it resultsin zeroenergy
savings.

Summary statistics for thebasecaseare given inTable 2.
Thepeak elccoic demand is seen to be 2,182kW(6.86W/ft'J.),
and theannual energy intensity is 261 kBtulfl2..yr. Asswning
utilljy raesof$O.04SJkWh andS3.S6/MBtu as applicable to the
Capitol Complex for 1991. thisgivesan annual energy costof
5669,500 or S2.10lft1.yr. Becausethis electrical rate doesnot
explicitly include demand charges. thereduction in peak loadwill
giveadditional savings.

Evaluation ofDesjm Almadxes

Building Envelope Alternatives
Additional Window Sbuners. The overall effeclof me

additional window shunersis minimal.wilhsavings of about
0.1 % (Sl,OOO!yr) of base-case energy expenses. Becauseof the
dark colorof theshuncrsand placement inside the glass, there is
littlereduction insolargain. Althou~ the shutters provide
additional insulation. thiseffectis mfnimal,

Altic Ventilation Fans. Because of theStrOllg thenna1
coupling between the attics and the chambers below, the
condition of attic temperatures above SO°F with the outdoor
temperature at least 40f lowernever occurs, soenergysavings
are zero. When attic: teropcrature18IC high, theoutside
temperature isevenhigher.

DomeOculps pjaphraem. Thediaphragm at lIledome
oculusreduces infiltration, butshowsminimal effectandcost
savings. However, thesesimulationresultsarc uncenain because
infonnation aboutinfiltration in the building is It bestanestimate.

Skyljght Shades. The shadeson the attic skylights also
produce littlesavings(up to $l,3OO!yr). With full-year
deployment, almost halfof thesavingsin summer cooling load
are offsetby theloss of beneficial passivesolarheating of the
atticsin winter. Savings are greaterwith the shadedeployed in
the summer only, but thiswill be offset by dieadditional COSIS of
seasonal deployment andremoval,

Internal Loads Alternatives
ffifft.Efflcjs:mcy ldmps Bnd Ballasts. This measure does not

~atly. reduce1M overall ClICliY uscbecauseonly nuorescents,
found In pound-floor offices, restrocms, mechanical rooms and
attic luminous ceiling backlights, are affected, However th~ is
a 40 kWreductionin peak electrical demand. '
. . Lifbtinr Cpognl pac1cagc, The ligbtinJcontrolpackage

similarly hasa smalleffectoverall because u is appliedto onlya
small fraction of the lights, buthas a significanteffect in the
zonesY"h~ it affects a majorilY of ~e lighting. Again, the
redUCo.oo lD peak demandorapproXImately 55 kW is significanl.

Systems Control Alternatives
Changes in theoperationof theHVACSystems provide the

grcatesloppo~un~ for ~nergy efficiency~ COStsavings.
. Uncond1ngn ComdQl'S. Although dtisalternativeprovides
littleenaIY. savings, theelimination oftheconidor HVAC
systemswill save on consauctioncosts. Because the comdon
arc bufferedby surroundingzones,DO£-2 indicates that the
temperaturewill bemaintained in the75-79OF range throughout
the ~ar. Actualtcmpennne$ win match the surrounding zones
molt close1r becauseofconditioned return-airleakage from
crtlces andinfiltrationfromthe entrancelobbies.

Djrect ifj'al CpnP'O.l.5. The use ofDDe in themultizone
systemsis My effective, indicating energy savingsof nearly
Sl30,OOOI)'r. Multizone systemswith fixed deck temperanaes
arc inherently inefficient,especiallyunder low load conditions,
because both the heatingandcooling coilsoperate at aU times.
However. withDOC thecolddeck lemperature is SCI 10 meet the
coolingneedsof the WarDlest zone, andthe hot deck is SCi to
meet theheatingneedsof the coolest zone. This alternative
resultsin a projected reduction of 9% in clecaical energy and
morethan 50% in natural gas energy.

Thenngsrat Offsets, ThcrmoStlll offsetsreduceenergy use
when the buildingis essentiallyunoccupied. ThertdUctiOll is
mostly in heatingenergy, withapproximately 27% less gas used
than in the base cast. Elcctticalenergy rcduclionis only 2%,
witha 40kW increasein peak.elec:nic demand; energycost
savingsofnearly SS5,()OO/yr are about baH of thoseobtained for
theDOC option. The peak. electticdemandincrease resultsfrom
zone temperature E:,1ldown requirements.

TwO:Speedn Opcnrion whb Outskle_Air ShuJdQwn.
Thismeasure, whicb includesnigbt-cycle operationor the fan­
coil units, substantially reducesenergyuse during unoccupied
hourslhrouWt the reductionin supply and outsideairflows. It

TABLE 2

Slm....tld Altaual EllafJ7 UN aael ElUlrl1 ClIA tor Prerutweel end Rutorecl Capitol-

P." P." E1:lItrldl, Gu E•..., Eu"" £Iearld', Gu T.... Burn
Electric D_mllul Vp Vp VN btl.tlt, C...• C... her., C...
Deml.d Iftillult, ~M) {MBIul (MBtu) (Utltitt:l·,r) (S) (I) c...• IIlIIMIt,
(kW) (WItt:) (S) ($lRa_,r)

-----
Rtstoralloll 2t12 '.1'- 1I,3I3,S45 44,161 '3,020 2'1- 512,300 U7,200 '''.$00 2.10-
BUI Casa

Rutoratloll 1111 $.'1- ',O'S,t24 12,0$1 ",511 '14' 363,000 42,900 405,900 1.21-
,..ltlro
cOlDpodte or
turf"erne lIle,
_h.,llItl,"

Prcrntorc41 1652 5.2.6' 11,151,790 n,SH ",335 31" 491,600 219,200 116,100 2..21·

• Sued onpo..uubtc= .caor 318,095 fit (lIDld 10 CapilCll EltcNionincludedbcrc butDOl inptcralOnd cue)
~ Ul.Ilily COSII: SO.G45kWh, S3J6!MBw
< Sued onc:atibr.aect modeIllllnltOlll-uml (iMY) wealIzr dill
, Buedon 8'011 uuble "l".Iol314,095 £1:
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gives up tl? an 8% reduction inelectrical energy,up to a 20%
reduction 111 gas use,and up tonearly S73.000/yr in energy cost

t vmgs.
.... Yariable.Air VoIYme.AlitTs. Usin~ motorspeedcontrols to

provide continuously vanable supplyairflow gives the greatest
projected energysavingsof all the individual alternatives. The
reduction is upto 20%.inelectricaluse, up to 35% in gas use,
~d up to $167.00000/yr Ul energycost savings. In addition, there
IS up 10 a 100 kW reduction in peakelectric demand. 'This
control strategy allows the HVAC systems to respond to heating
andcoolingdemands, rather thanconstantlyoperating10 meet
peak loads.

--r
System Equipment Alternatives

Thehigh-efflciency motor.; result in 10% lesselectricity
used by the fans, and7% lessenergy used for elevators.
Overall. the motors provide a 2% reduction in eleclrical
consumption. while thecoilsgive 3% savings. There is also a
35kW reduction in peak electricdemand with high-efficiency
motors, and a 60 kWreduction withhigh t:.Tcoils. Energy COS!
savings are in the S12,OOO-13,0CiJ/yr range.

Combination Alternatives
The combination alternatives show thecoupledeffectsof

combined measures. Savingsare similar 10 lhe individual
alternatives, although in mostcases they are nOI directlyadditive.
The final composite of aU selected energy efficiencyoptions gives
reductions of 29% in electrical energy use, more than 70% in
natural gas use, 100kW lowerpeak demand, and an overallcost
saving of more than $263,000, or 39%.

"'"...
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Figure 28
Un CompOnlnl tor CapRol Restorillon

Comparison of BaseCase and Fjnal Composile
Figures2a and 2b comparethe annualwhole-building energy

use and cost for the base case and final composite, broken down
. by energyend usecategory. For the base case, annual average
\.,. rlant heating energyuse is 15.8Bru/h-fI2and coolingenergy use

is 4.3 Btu/h-ft2. These graphs show that the combined design
alternatives havea major effecton spacehearing, a significant
effecton space coolingand HVAC auxiliaries, but only a minor
effecton lightingandelevatorenergy use and COSL Monthly
patterns of electricity and natura! gas use (notpresented hen:)
showless seasonal variationin naturalgas use in the final
composite than in the base case (3). Comparative summary
statistics are given in Table 2; note that the fmalcomposite
reduces peakdemand to l.881 kW (5.91 W/f(2), energyintensity
to 124 kBtulft2-yr, and energy COSI to $405,900 or $L28/ft2. yr.

MODELING OF THE CAPITOL IN ITS PRERESTORED
CONDmON

To calibrate our DOE-2modelof the Capitol,we modeled it
in its prerestored condition, as it wasoperated during the
January-September 1991 period,before the beginningof
resrorarion construction. We modeledthe buildingusingthe best
available input data for the DOE-2 simulation. Thesedata wen:
takenfrom drawings and specifications, supplemented by
extensive surveys of the building, coupled withmaintenance
personnel interviews. The resultsof this simulation were
compared with the measured whole-building electricdata, the
only reliable data available. Because of the considerable
uncertainty in someof the inPUI data,mainly the installed
equipmentloadsand the lightingand equipmentdiversitiesand
operatingschedules. adjustments 10these valueswere then made
to calibrate the model to the measurements.

The prereslored CapitolModel
The preresjored Capitol differs from the restoredcondition

oL rimarily in the groundflooroffice arrangement and in the
~cupancy andequipment densitiesthroughoutall office areas.

In addition, the prerencredCapitol does not include the tunnel to
the Capitol Extension, and so has a gross floor area of 314,095
ft2, of which 254,560ft2are conditioned. We relied on "as
built" drawings, supplemented by extensive surveys of the
buildin E!and interviews with buildine: oeeratina personnel. to

""c.-,

o » • • ~ ~ ~ ~ ~ ~

~e.r- (la 1tDl)

figure 2b
Annual Enlrgy Expense Componenll for Capitol flestofltlon

define the DOE-2 model input, Describedbeloware the changes
madeto the DOE-2modeI of the restored Capitol; items nOI
discussedhere were eeared identically in hom the restored and
prerestored. models.

Zoning Configuration. In the prerestoredcondition the
core zone, which is unconditioned.extends down 10 the first
floor instead of the ground floor. The snack bar area and
electrical transfonnervault fonn an additionalzone on the ground
floor. In addition, the tunnel to the Capitol Extension is deleted,
the first floor corridorsarc unconditioned. and the Iirst floor
kitchen is incorporatedimo the west wing as office space.
Mezzanineoffices are added on the first throughfourth floors.

Schedules. The schedulesfor occupancy, lighting, and
equipmentuse, and for HVAC systemoperation, are essentially
the same as for the restored Capitol An additionis a schedule for
the snack bar, andone for the externaland dome flood lighting
which is based on the sunrise and sunset hours. '

EJcctt'ica} l..o,adJ. Becau~e no accurateas-builtdrawings
'!'ae.av!dlable,lighnngandequipment loadswere establishedby
identifymga set of representative spaces(based on occupancy
de~ity and usc type),counting the numberof fixtures and
equipment items,and recordingthe wattagespecifiedon each (3).
Based on mese sUlVeys, power densities werecalculated for each
representative space. Then, with observations madeduring the
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. Notethatpeak weekday electricity use is 1460kW, while at
nightthe usedrops to 470kW. The effect oftuming on and off
theexteriorlights, a 90 kW load, can be seen clearly. Although
the weekday and weekendperiods arc clearly distinguished,
Saturdays and Sundays were modeled identically.
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FIgure 3 SImulated whole-building electricity use
(eXCludIng heating and cooling plant
energy) for prerestored Capllol _third
week of July 1991
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FIgure 4a

Seasonal Pattern lor July through September 1991
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CaH!?rariDnpfSimylation Model wjth MM:iUred ElcclIicitY Ppm
Monitored hourlydalafor the Capitol werecollected only

for shan periods dwing 1991. Becauseof conseucdon on the
Capitol Extension and instr1lInCntat!on contractorproblems,
steamcondensate pumprun time data are availableonly for
portions of January and February, chilled waterenergydata are
available for about two weeks in April. and whole-building
electric dataare availablefor July-September. The whole­
b.lilding electric measurements are theonly reliableonesof the
threesets.

Examination of Ihe measuredelectricityuse shows
consistent dally and weekly patterns (Figure4). Furthermore,
Saturday patterns aredistinct from Sunday patternswhen
legislators and their staff are preparing for thecoming work
week. Themorning buildup10 electricity use (I AMto 11 AM),
l1I!d theevening decline (S PM to midnight), are nearlylinear.
WIth a superimposed pulse representing theexteriorlighting.
Usageis flat from 11 AM to S PM. Note that the buildupand
declinetransitions are not nearly as abrupt as was assumedin the
precalibration simulation. Another interesting observation is that
theSeptember measuredelectricity use declinesslightly fromthat
of July andAugust,coinciding with the endof the legislative
session (August 25) for that year.

Sim~'latiQn Results for the frms1m Capirol ModeJ
DOE-2 was runusing weatherdata measured at the Capitol

Complex. by theLoanSTAR monitoringprogram for theperiod
June-September 1991. The results are presentedin Figure 3.
which showsthe hourlywhole-bUilding electricityuse in
kilowens, plus the fan and outdoorlightingenergy use'
components, Cor the third week of July. during which time the
Legislature was in session. Note that this plot, whichis basedon
appropriate hourlyreports fromDOE-2 to be comparablewith the:
measured data, docs nOI includeheatingor coolingplant energy;
however, local fan and pump use is included. Thus, these results
represent the behavior of an existingbuildingaspredictedby a
carefully ccnsnucted model, but withouttheenlightenment of a
come arisen to measured data.

sample surveys, in combination with available floor plans, the
.. -~nes were subdivided into representative spaces. Zonal
~mposile lighting and equipmentpowerdensities were

determined as floor-area-weigjaed averages of these spaces.
Lighrtng: Specifications for all corridorlighting,lighting

in the central core and dome, the extemal Iigbcng and dome flood
lights, and the night/emergency lightingwere Obtained through
consultations with theCapitol maintenance staff. A lighting
diversityfactor of 90%. based on observation during surveys,
was included in thedesign values. Based on these procedures,
installed lighting levels are 2.08W/ft2for officesand adjacent
circulationspace,and 2.12 Wfft2 for all conditioned spaces.

Equipmem: Specifications for equipment with high
power draws(forexample, large copiersandprinting
equipment), wereobtained from vendor information.
Approximate equipment diversity factors,estimated from
discussions with the buildingoccupantsand maintenancestaff,
wereincorporated into the designvalues. Basedon these
procedures, and anestimateddiversity of 80%, design equipment
levels are 2.5 W/ft2 in the office spaces, resulting from high~

densities of computers, printers, FAX machines, and other office
equipment: a detailed zonal breakdown of lighting and equipment
loadsis given in Reference 3. Equipment loads for the snackbar
werebased on theassumption that the two 12kW supply mains
were fully loadedduringhoursof peak operation. The electrical
vault specifications assumed that transformer and switch gear
losses were 5% ofrated power.

Heat Gain from Occupants. We used thesante procedures as
wereused for therestored Cepitcl tc calculate heat gain from
occupants in thepreresrcred case, except thatin theofficespaces
the people densities wereobtainedfrom seatcounts,rather than
from people per squarefoot values.

HVAC Syslems. Each zone was treated as havingonly one
system type: fan-coil, constant-volume reheat,or dual-duct,

"- according 10 the predominant type of equipmentusedin the zone.
.... The groundfloor, first floor nonh wing andfirst floor west wing

south offices are modeledas fan-coilunits,withoutside air
supplied by single-zone air handlingunits throughduct work and
ceilingdiffusers; the Senatechamberandsecondand thirdfloor
east wing officesarc modeledas dual-duct, variable-air-volume
systemswith outside air preconditioning; and the remaining
areas, includingthe library and House chamber, are modeled as
constant-volumerehear SYStems. The first floorcorridors, lhe
antes. and the lowerand uppercore zonesare unconditioned.

The primary information sourcesfor theairdistribution
systemswere theincomplete "as buill" drawings and recordsof
revisionsmade to the mechanical systems,supplemented by
discussionswith theCapitolmaintenancestaffandcombined
withengineering[udgemeru. Supply,outsideair, and exhaust
flows were taken fromthe diffuserspecifications. Outside
airflowsranged from7 to 20%of supply airflows, with an
averageof 16%. Fan power, design air flow rates. andreheat
coil temperatures were taken fromthe mechanical equipment
schedules, with thevalues for multizoneAHUsdivided
proportionally amongthe zones Served.

Plan! Specifications. On the basisof consultations with the
SPGSC, the chillerefficiencywas set at 0.71 kW/tonand the
boiler efficiencyat 65%for the period June- September1991.
The chilledwatersupplytemperature was setat 42DF.
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Normalized sehedule factors for typical day
types lor prereSlored Capitol • based on
measured whole-buildIng eiectnc data

Figure S

'1 11 1711,.aal It..
cemparteen 01 calibrated model for prerestored
Capitol with measured whole·bulldlng electric
dala - Ihlrd week of July 1891

CONQ.USIONS
Based on this analysisof the Capitol. the following

conclusions can bedrawn.
1. a. Building envelopemeasures (suchas additional

window shutters, a diaphragm at the dome oculus, and a
skylight shade) save minimal energyandenergycost,on the
orderof only a few thousanddollarsper year. Lightingmeasures
(high-efficiency lightsand lighting controls) result in modest
energy cost savingsof $6.000 [0$7.000 per year, and peak
demand reductionsof about 50 tW. Systemequipmentmeasures
(high-efficiency motors andhigh temperature difference cooling
coils) show annualenergy savingsof $12,000 to S13.000and
peak demand reductionsof up to 60 kW.

b. The mosteffective energycost reduction measures
are HVAC systemcontrol measures. suchasdirectdigital control
of coil temperatures. thennostal: offsets,and 2-speed or variable­
air-volumefans with outsideair control. These saveup to
$167,000 per yearend reduce peak demandby up 10 300 kW.

c. A composite of all selected cncrgyefficiency
measures is expected to savenearly$264,000per year (a 39%
savings), andresultin a peak demandreduction of 300 kW (a
14% reduction).
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Figure 4c
Weekly Pallern lor 3rd week In July 1991

MMsureci Whole-Bullcllng Eleclrlclly Use
(Heating and Cooling Plant Energy Excluded)
lor Pteres10ted Capllol

OM

A remarkable feature of the measureddata is thai the
reduction in building electricity use from thedaytimepeak to the
nighttimeandweekend valleys is only some25%,rather than the
approximately75% shown in Figure 3 for the precalibrated
model; thepeaksare lower. andthe valleysare considerably
higher than predicted, This indicates t~at the schedules for
lighting and equipment (especiallyequipment)are lower than
expectedduring thepeakoccupied period. Furthennore.Ilgbts
and equipmentare nOC being turned off at night and on weekends
nearly as much as expected. Based on theseresults. asetof
typical day I)'pCS (weekday. Saturdaylholiday, and Sunday) was
developed to represent thediurnally varymgschedulelor lights
and equipment (Figure5), These scheduleswere calculatedby
taking theratioof hourly to peak electricity use at each hour for
the fourplus weeks of July.

Using the typical day schedules, and adjusting them to
match theelectricity use observed In the measured data for July,a
calibrated DOE·2modelwas ron, for the same three-month pcnod
of 1991. with the results shownin Figure 6. As expected, the
simulated and measured electricity use resultscompareclosely.

Finally, an annual simulationwas run usingthecalibrated
model for the preresrcred Capitolwith long-term (TMY) weather
data forAustin. Theresults representtheexpected annual energy
use forthebuilding. includingall heatingand coolingplant
energy, with the assumption that the Legislature is in session

l throughout the year. Annual results are presented in Table2,
....- which shows that annual total energy intensityis 316 kBtu/ft2-yr,

and peak electric demandis 1,652kW (5.26W/ft2). Using Ute
199\ utility rates usedfor the restoredCapitol,thisresultsin an
annual energycost of S716,800or S2.281fI2-yr. Hopefully, this
high energy usewill bereduced by the inclusion of thepackage
of energy efficiency alternatives in therestoredCapitol.
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Monthly Pattern for July 1991-
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2. When modelinga buildingthat has highly unusual
occupancy and use patterns, suchas a state Capitol, uncertainties
in lighting and equipmentuse can be considerable. Even when
extensive surveydataare available, the uncettainry in lightingand
equipment operaringscbedules, is sufficient to cause peak electric
power to be significantly over-predicted; similarly,nighttime
electric power is likely to be substantially under-predicted if it is
assumed that thevast majority of lights and equipmentare turned
off at night. It seems that occupantsdon't turn lights off, or
cleaning crews nun them back: on. Furthermore, office
equipment such as computers,copiers, and FAX machines is
likely left on overnight,

3. Measuredwhole-building electricity use for the Capitol
during the summerlegislativesession of 1991 shows remarkably
consistent daily andweekly energy use panems. Thus. typical
weekday, Saturday, and Sunday lighting and equipment
schedules can be developed to calibrate successfully an hourly
simulation model of the building.

4. Simulated annual energy use for the Capitol in its
prerestored condition is 316 kBtu/ft2.yr. It is hoped that this
high energy intensity will be reduced by the inclusion of the
package of energy efficiency alternatives in the restored Capitol.
Furthermore, more energy conscious behaviorof the occupants
in turning off lights and equipment when nOI in use, will also be
necessary 10reduce this energy intensity.
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employees, make. any express/implied warranty IJ~""~I-­
or aeeumee lega.l liability or responsibility for
the completeness, accuracy, or usefulness of infe-r- •
mation, apparatus, product, or pr-ocess disclosed,
or represents that use thereof would not infringe
privately owned rights. References herein to spec­
ific commercial products, process, or services by
tr-adenamea, trademarks, manufacturers, etc., does
not necessarily constitute or imply its endorse­
ment, recommendation, or favoring by the US Gov
ernment or any agency thereof, or the Regents of
the University of California. Views and opinions
of the authora expressed herein don't necessarily
state or refleCt those of the US Government or
agencles thereof, or the Regents of the University
of California, a.nd aha.ll not be used for
advertising or product endoraernent. So there!1
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Cost of PRC-DOE2 and PRC-TOOLS, January 1993

To order your DOE~2 package or for more information, contact:

for

Announcing PRC-DOE2

A PC Version of DOE-2.1D

$295

Paul Reeves
The Partnership for Resource Conservation
140 South 34th Street

PRC-DOE2 program only $295

Custom DOE-2 tools for $195 - $695
creating multiple runs, analyzing (training or phone
end-use demand and costs, and support recommended)
creating load shapes.

DOE-2 training and support call for information

The Partnership for Resource Conservation (PRe) is offering the latest microcom­
puter version of DOE~2, including two weather files and weather conversion utili­
ties, for $295. PRe also offers custom utility programs for creating multiple
DOE-2 input files, analyzing DOE-2 output and creating monthly average and
peak load shape curves. On-site training and program support are also available.

The DOE-2 program is compiled to run on an illM compatible 386 or' 486 com­
puter with a math co-processor installed and at least 4 Megabytes of RAM. Pur­
chase of PRC-DOE2 includes two weather data files of your choice (317 North
American locations]; additional weather files can be purchased fOI' $25 each. Lim­
ited support is available for other versions of the DOE-2 program, We also pro­
vide support for specific DOE-2 projects and give training sessions in the use of
PRC-DOE2 and custom utilities.
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DOE-2 is a building energy simulation program that has become a standard tool I
for DSM and code compliance analysis. The DOE-2 program is flexible enough to ~

model a simple house or a million square foot airport, detailed enough to allow ~
the specification of up to 64 zones and 40 systems, and sophisticated enough to ~
lncl ude daylighting, sunspaces, cogeneration, load control and even user-defined ~

f . •unctions. ~
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Index to the DOE-2 User News

Volume 1, No.1 (August 1980) through Volume 13, No.4 (Winter 1992)

I(E')' The Index lists User News volumes, issues, and page numbers as follows: Name of Article, pro­
gram version that was current when article appeared, then Volume, Number (No.l=Spring,
No. 2=Summer, No. 3=Fall, No. 4=Winter), and page number.

For example, the entry "Advanced Simulation (2.1C) ... 7:4,4-8" tells the reader that the article titled
"Advanced Simulation", which appeared when DOE-2.1C was the current version of the program, will
be found in User News Volume 7:Number 4, on pages 4 through 8.

)

ADVANCED SIMULATION
Advanced Simulation (2 Ie), .7:4,4-8
00E-2 and the Next Generation (21 C) 6:4,1-2
lBPSA (21C) ,8:2,·1-7

BUGS
in DOE-2.1

About bugs..1.1,3
SDL 1-1,4·6; 1:2,6
LOADS, ,I 1,6
SYSTEMS, .. l:l,7; 1:2,7-8
PLANT 11,9-10; 1,2,8
Weather ,..1:2,6

in DOE-2.1A
AI] bugs..3:4,3-6
BDL .2:1,3-6; 2:2,9-10; 2:3,5;

3:1,9-10; 3:1,13; 3:3,3
LOADS ..2:1,7; 2',3,5; 3'.1,10
SYSTEMS ...2:1,8-12; 2:2,10-11, 2:3,5;

3:1,10-12; 3:2,5; 3:3,3
PLANT ..2:1,12-14; 2:3,5; 3:U2
ECON ,2:2,11
Weather, .2:1,6

in DOE-2.1B
All bugs ...S:4,3-6
8DL..4:4,5; 5:1,4
LOADS. 4:4,6; 5:1,5
PLANT . .4:4,6; 5:1,5
SYSTEMS, .4:4,6; 5:I,S
Weather ..4:4,6~ 5:1,5

in DOE-2.1C
All bugs ..,9:3,4-16
BDL..,7:1,9-33; 9:1,4; 9:2,2
ECON 7:1,9-33
LOADS 7:1,9-33; 7:3,13-14; 8:1,6; 8:4,5
PLANT 7:l,9-33; 8:4,6
Reports ,7:1,9-33; 8:1,6
SYSTEMS. ,7:1,9-33; 8:4,4-S; 9:1,3-5
Weather ...7:1,9~33; 8:2,3

in DOE-2.1D
SDL. 111,5;11:3,17,20
LOADS 11:3,11,l7,19
PLANT 11:3,12
Reports.. 11:3,17 ,20
SYSTEMS. ,11:3, 11-15,21-23
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DAYLIGHTING
Glazing Optimization Study (2.lA), .3:3,4-5
Daylighting Design Tool Survey 1l.2,12-17;12:3,19-24
Daylighting Network (2,lC) ...6:1,1-2
Daylighting with Multiple Skylights (210) .. 13:2,2-S
Modeling Complex Daylighting (2, IC) ...n 1,6-15
SUPERLITE ('.Ie)..• ',1
Seeing Daylight in So. Calif. (2 lC) ...6:3,1
SunspacefAtrium Model in 2,IC".5:4,1-2

DOCUMENTATION
Basics Manual. 12:3),28-29
Plant... 12:4, 10
System type: HP ...U:I,21-22 \.
System type: PIU. .1l:I,I6-20 .v
System type: PMZS.. 1l:2,5-7
System type: PSZ... 1l:2,2-4
System type: PTAC.. 11:3,2-4
System type: PVAVS ... 11:2,8-10
System type: RESYS .. 11:2,8-10
System type: SZRH ... 1O:4,2-5
System type: TPFC, 11:3,5-7
System type: VAVS, ..11 1,23-25

8DL Summary ... U,Il-l4; 1:2,9-12; 2:1,15; 4:4,3;
6:4,4; 9:4,2-3; 11:3,1,27; 12:1,21-24; 12:2,51

Engineers Manual...7:1,7-S; 13:2,6-14
Reference Manual... I-l,IH4; 2:1,16-20

4:1,4; 4:4,3; 5:1,3; 5:4,7
Sample Run Book...l:1,1l-14; 8:3,5; 9:4,2-3
Supplement ..4".4,3; 5.1,3; 6:4,4; 11A,'2-3, 1'2,3,1,31;

13:3,16
Users Guide... I:l,U·I4; 2:1,16

DOE-2 [progr-am-general topics)
Analyze DOE-2 Outputs Quickly (2.1C). 10:2,7-12
ASHRAEjlES Standard 90 (2.1C) ...6:1,3
CECDOEDC California Compliance Toot. 12:4,1,12-14
COMPLY24 (California Compliance Tool)" 12:2,2-6
Cooling Towers, Hot Tips for ... 13:3,2-3
Discovering the Unexpected wjDOE-2 (2 10), ,7-1,3-6
DOE-2 and CCIP (2.1E) .. 12:3,16-1B
DOE-2 and Research at LBL (2,IA) ...3:2,I-g
DOE-Plus Pre- and Post-Processor (2,lD) .. 11:4,4-13
DOE-SCAN Output Interpreter (2.1D). 12:4,2-3
Electric Ideas Clearinghouse ... ll:3,1 "
Energy Analysis of the Texas State ;) ,

Capitol Restoration, ..13:4,Z-10
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Energy Efficiency in Singapore (2.IB) .5:1,1-2
Energy Science & Technology Center, 124,1
EPRl/DOE Collaboration. 12:4,4-5
Graphical Tools Calibrate 00E-2, 131,-S-14
Guidelines for Simulation of Bldgs 13:3,4-8
National Energy Software Center, 112,11
New Features in 2 lA .2:1,1,2:2,1
New Features in 2,lD .9:2,3-6
PIant Operating Strategies (2, lD) ..12:3,2- 1,5
PG&E's Pacific Energy Center, 13:1,15
Sky Simulator at LBL (2.1B).. ,4:2,3
Southern California Edison's "Design

Assistance Program" (2 lD), .12:2,48
Using DOE-2 in the Design Process (21A). 32,4
Utah's Building Design Center.. 13:2,53

DOE-2 [progr-arn-epeclfte topics)
Alphabetical cross index of commands and

keywords (2.1D) 122,7-4.0
Atrium Buildings, How to Model (Z lC) .. 7:3,2-7
SDL fix "symbol table full" (all) 9:2,2; II 1,5
C01vfB1NE (2,ID)... 1l 2,1
Cooling Systems, How to Size (2.lC). 10 1,2-8
Custom Weighting Factors (CWF)

Automatic CWF (2.1A).,,2:Z,Z-3
Input Guidelines (ZI )". I:l.15-16
Caution and Error Messages (2 I). 1:2,2-3

DSNFIL, File structure for {Z.IA) ..3:1,6-8
Economic Evaluation Methods (2 lAl, ,3:1,3--5
ECONOMICS, Electric Rate Structure (2 lC) .5:3,1-3
Electrical Generation Strategies (2.1B) ..4:2,1·2
Functional Values, Development 01 (2.1B) ...3:--\,1-Z
Functional Values, Example Inputs (2.10),. 12 1,2-4
Glazing Optimization Study (2.1A) ..3:3,4-&
Graphs Irom DOEl23 (2.1C,D) ...10:3,S-7
Hourly reports... 13:1,4
LOADS: High heating loads with low cooling

loads (2.1C vs D).. 12:2,47
Ice Storage Systems, How to Model (2.1C).,,8:1,2-5
Input Macros for Residential Windows (Z.rD) ,12:1,&-17
LDSOUT, File structure for (2.1A)...3:1,0-8
Metric Option in Z,IC ...4:3,1
Output Reports (Z.lA) .. 2:2,4-6
PLANT, Direct Cooling in (2.IA).3:1,2
Powered Induction Units (2.1B). .4:1,2
Reports (Upgraded) in 2.18 ...4:4,1-2
Schedules, Preparation of (2 lB) ... 4:I,3; 4:2,4; 9:3,2-3
Systems, Developments in (2.1C) ..,5:3,3-4
SYSTEMS, Sizing Option in (2.1A) ..2:3,3
Stud Wall Construction (:l.IA) ,2:3,4
Sample Run Book Overview (2,IC), .5:2,1
SunspacejAtrium Model in 2.lC ..,5:4,I<?
YAY: Elevated Supply Air Temps (2,IB) ..4:3,2-3
YAY: Fan Siaing (2.lA) ,2:2,7-8
Weather, Processing Nonstandard ('l.1C,D) ..10:3,2-6

DOE-2.1
Article~ related to Version 2.1

Custom Weighting Factors
Input Guidelines... 1:I, 15-10
Caution and Error Messages, 1 2,2-3

WRISC .. l:Z,4
Buge

About bugs ... l 1,3
BDL.ll,4-6; 1:2,6
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LOADS .. 11,6
SYSTEMS. 11,7; 1:2,7-8
PLANT 1 1,9-10; 1:2,8
Weather 1::2,5

Documentation Updetee
BDL Summary ... l 1,11-14, 12,9-12
Reference Manual.. 1 1,11-14
Sample Run Book. 1 1,11-14
Users Guide, .1'1,11-14

LOADS
EQUIPMENT-I(W, 1.l,19
verification reports, .1.1,17-18
passed Irom SYS to PLT, 11,17
SHADING COEF, 11,17
schedules .. 1:2,14

PLANT
BEPS (report) 1:1,20
minimum input. 1'1,20
HOT-WATER.. 1:2,13

SYSTEMS
COOL-CONTROL. 1:2,13
EQU1PMENT KVo/ . 1'1,19
MIN CFM RATiO ..1.1,19
RETURN CFM... I.2,13
PTAC...1:2,13
SYSTEM-FANS.. 12,13
thermostat.. 1:2,14

WEATHER
Tapes... l.I,17

DOE-2.1A
Articles r-elated to Version 2.1A

Automatic Custom Weighting Factors. 22,2-3
ClRA...3:Z,2
Direct Cooling in PLANT. __3:1.2
DOE-2 vs BLAST Comparison...3:3, I-S
DOE-2 vs CERL Data lor YAVand Reheat ..3:2,3
DOE-2 on a Microcomputer. ..2:3,1-2
DOE-2 and Research at LBL __ .3:2.1-B
Economic Evaluation Methods...3:1.3-5
Fan Sizing for VAV Systems...2:2,7-B
File Structure for LDSOUT and DSNFIL .3:1,6-8
Glazing Optimization Study. ..3:3.4-5
Output Reports.. ,2:2,4-6
New Features in 2.IA...Z'l,l; 2:2,1
Sizing Option in SYSTEMS...2:3,3
Stud Wall Construction, .2:3,4
Using DOE·2 in the Design Process. ,3:2,4

Bugs
All bugs ...3:4,3-6
80L...2:1,3·6; 2:2,9-10; 2:3,5; 3:1,9-10;

3:1,13; 3:3,3
LOADS. .Z 1,7; 2:3,5; 3:1,10
SYSTEMS...2:1,S.12; 2:2,10-11; 2:3,5;

3'1,10-12; 3:2,5; 3:3,3
PLANT. 2:1,12-14, 2:3,5, 3:1,12
ECON...2:2,11
Weather ...2:1,6

Documenta.tion Updates
BDL Summary ..Z.1,15
Reference Manual ...2:1,16-20
Users Guide ...2:1,16

ECONOMICS
symbol table, ,2:1,21
INCREMENTAL~INVESTMENTS .. 2:2,13
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LOADS
building shades 2:3,6
DHW heateL.::?I,Z2
DHW temp .. 2 1, J2
heat recovery..2:2,12
IvfULTIPLIER..2:3,5
symbol table.Z·J,::?1

PLANT
BEPS (report), ,2:3,6
cooling towers .. ,2:2, 12
equipment combinations. ·3:2,6
symbol table..2:1,21

SySTEMS
ABORT command ..Z 1,22
DDS system .3:1,13
residential ground water heatpump ,3:2,6
sizing/behavior of systems ,21,22-23
symbol table 2'.1,21

DOE-2.1B
Articles related to Version 2.1B

Electrical Generation Strategies, ..4: 2,1-2
Elevated Supply Air Temps' VAV .'1:3,2-3
Energy Efficiency in Singapore,5:1,J-2
Functional Values, Development of.,.3:~,1-2

New Features in 2 IB '21,1,2:2,1
Powered Induction Units .4 1,2
Preparing Schedules, .4:1,3; 4:2,4
Sky Simulator at LBL..4:2,3
Upgraded Reports in '2 IB 4:~,1-2

Bugs
All bugs,5A,3-6
BDL. A:.J,5; 5:1,4
LOADS ,4:4,6~ 5:1,5
SYSTEMS . .4:4,6; 5:1,5
PLANT, .4:4,6; 5:1,5
Weather...4:4,6; 5:1,5

Documentation Updates
BDL Summary ...4:4,3
Reference Manual...4:1,4; 4:4,3; 5:1,3; 5:4,7
Sample Run Book. ..8:3,5
Supplement...4:4,3; 5:1,3

LOADS
daylighting 5A,7
hourly report variables. 4:1,5

PLANT
BEPS (lighting)..5:4,6
Ice storage ..5:4,7

SYSTEMS
cooling/heating, LOADS to PLANT .4.1,5
dual systems..3:4,7
fan coil units.. ,5:4,6
heating/cooling unit ventilation :4:2,6
kitchen exhaust ..4:'2,5
radiant panel heating/cooling, 4:2,5
startup controls, .3:4,7
steam radiation, with vent...4:2,5
steam radiation, without vent .4:2,5

DOE-2.1C
Articles related to Version 2.1C

A Minute Per Zone on PC's. 11 1,2-4
ADM-2 .7:2,6-9
Advanced Simulation ,7:4,4-8
ASHRAE/IES Standard 906:1,3
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Discovering the Unexpected w/DOE-2 7.1,3-5
Cooling Systems, How to Size 10:1,2-8
DOE-2 and the Next Generation .5:4,1·2
Functional Values, Development of ..3:~,1-2
Metric Option in 2.1C.. .4:3,1
MICRO-DOE2." 7:4,2-3
Microcomputer Update, ..6: 1,2
Modeling Atrium Buildings...7:3,2-7
Modeling Complex Daylighting 1l:1,6-!,'j
Modeling Ice Storage Systems...8:1,2-S
PC-DOE Overview ...7:2,2-3
New Elec Rate Structure, ECONOMICS. 5:3,1-3
Sample Run Book Overview ..,6:2,1
Seeing Daylight in Southern CaJilornia5:3,1
Sunspace/Atrium Model in 2.10.. 5:~,1-2
Systems, Developments in :2 lC..5:3,3-4
Using PC-DOE.,7:2,4-5
Validation 01 DOE..::!: the Collins Budding 8.3,2-4
Weather Data fur DOE-2 .7:4,9-14
Weather Processor Update .7:3,8-10
Weather Utility Program. .7:3,10-12

BDL
schedu les...9:3,2-3
symbol table Iull.. 9:2,2

BUGS
All bugs ...9',3,4-16
BDL. .7:1,9-33; 9:1,4
EOON 7:1,9-33
LOADS 7:1,9-33; 7:3,13-14; 8:1,6; 8:~,5

SYSTEMS, .7:1,9-33; 8:4,4-5; 9:1,3-5
PLANT 7: 1,9-33; 8:4,6
Reports 7:1,9-33; 8:1,6
Weather 7:1,9-33; 8:2,3

Doeumentation Updates
BDL Summary.,.6:4,4
Engineers Manuat...7:1,7-8
Supplement...6:4,4

LOADS
run times 2.18 vs 2,IC ...7:1,2
SET-DEFAULT, ROOF + EXT-WALL. 8:3,5

SYSTEMS
bypass system ..,6'.l,3
specifying occupancy ...6:4,2
BEPS (hourly report variable}. 6:4,2
warmup cycle.. ,8:3,5
VVT systems...9:1,2

DOE-2.m
Articles rela.ted to Version 2.1D

Alphabetical cross index of commands and
keywords ...12:2,7-46

BDL Summary ...9:4,2-3
OECDOEDC California Compliance Tool 12:4,1,12-14
Cooling Towers, Hot Tips fOL13:3,2-3
DOE-Plus Pre- and Post-Processor.. 114,4-13
Energy Analysis of the Texas State

Capitol Restoration...13:4,2-10
Functional Values, Example Inputs ..12:1,2-4
Evaporative Cooling ...12:4,1
Graphical Tools Calibrate DOE-2 13:1,5-14
Hourly reports...13:1,4
Input Macros for Residential Windows 12:1,5"17
LOADS: High heating loads with low cooling

loads (2.1C ve D) ...12:2,47
New Features in 2,ID ...92,3-G
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Plant Operating Strategies (210),.12:3,2-15
Sample Run 800k .,9:4,2·3
Southern California Edison's "Design

Assistance Program" .12:2.48
BDL
symbol table full ('2.1D) 11.1,5
Documentation Updates
Basic Manual
System type: HP. 11'1,21-22
System type: rIU. 1l'1,16-20
System type: PMZS.. 11:2,5-7
System type: PSZ...112,2-4
System type: PVAVS 11:'2,8-10
System type: SZRH.. 10:4,2-5
System type: VAVS.. 1l1,Z3-25

SDL Summary .. 11:3,27; 12:1,21-24
Supplement 11 :4,2-3; 12:3,31

ECONOMICS Subprogram
INCRE:..fENTAL-INVEST1vfENTS (2IAl ...2:2,13
New Electrical Rate Structure (Z,IC) . .5:3,1.3
symbol table (2.IA) .2:1,21

LOADS Subprogram
building shades (:!lA)...2:3,6
EQUfPIAENT-KW (2 1)...1:1,19
Daylighting (21B) .5:4,7
Daylighting with Multiple Skylights (2.W) . .13:2,2-5
DHW heater ('l.IA), ..'2:1,22
DHW temp (2.lA)...2:1,12
heat recovery (2,IA)...2:2,12
high heating loads with low cooling

loads (ZIC vs D). .12:2,47
hourly report variables (2.18). 4'1,5
MULTIPLIER (2IA) ...2:3,6
fun times 21B vs 2.1C. ,7 1,2
schedules (2.1).. 1:2,14
SET-DEFAULT, ROOF + EXT-WALL (21C) ,8:3,5
SHADING COEF (2.1).. 1'1,17
symbol table (Z.IA).. 2:I,ZI
SYSTEMS to PLANT (2.1), 11,17
verification reports (2.1). 11,17-18

DOE-2.1E
Articles related to Version 2.1E

New Features in '2 lE ...13:1,2-3

MICROCOMPUTER PROGRAMS
DOE-2 Related

A Minute per Zone on PC's. 11:1.2-4
CECDOEDC California Compliance Tool. 12:4,1,12-14
CO}.-1PLY2-4 (Calif Compliance Tool) .. 12:2,2-6
DOE-2 on a Microcomputer (2, IA), .2:3,1-2
DOE-Plus Pre/Post-Processor (2.lD) .. 11.4,4-13;13:2,54-56
EPRljDOE Collaboration ..12:4,4-5
Evaporative Cooling. 12:4,1
Graphs from DOE1~3 (2IC,D) .10:3,5-7
MICRO-DOE2 (2 IC) ...7:4,2-3
PC-DOE Overview (ZIC) ...7:2,2-3
PRC"DOE2 Description (2.1D), .13:4,11
Quick Analysis of Outputs (2.IC.D) ...I02,7-12
Using PC-DOE (2 IC) .7:2,4-5

Other
ADM-2 (2.1C).. 7:2,6-9
CIRA {2 IA)..,3:2,2

Day!ighting Design Tool Survey ... 11:2,12-17
Microcomputer Update (2,1C).. ,6: 1,2
SUPERLITE (2.IC) ...8:2,1
WINDOW-Z.O (ZIC) ..8:4,2-3
WINDOW-3.1 (2.1C,D) 10:2,5-6
PEAR (2.IC) ..8:2,2
WRISC (2 I). 1:2,4

PLANT Subprogram
BEPS {reportl (2.1)...11,20
8EPS (report (2.lA), ,2:3,6
BEPS (lighting) (2.IB)..5:4.6
cooling towers (2.lA), ,2:2,12
Direct Cooling in PLANT {Z lA) ..,3:1,2
equipment combinations (Z.lA) ...3:2,6
HOT-WATER (2.1)...1:2,13
ice storage (2.IB) ..,5:4,7
minimum input (21) .. 1'1,20
Plant Operating Strategies (2 ID). 12:3,2-15
symbol table (2.1A).. 2:1,21

SYSTEMS Subprogra.m
ABORT command (2,lA). ,Z.I,2Z
BEPS (hourly report variable] (2.IC)..6:4;2
bypass system (2.1C) ...6:1,3
COOL-CONTROL (2.1), .1:2,13
cooling/heating, LOADS to PLANT (2, IB) 4:1,5
DDS system (Z.lA) ...3:1,13
dual systems (2.lB). __3:4,7
EQUIPMENT KW (2.1)...1:l,19
fan coil units (2.18)".5:4,6
heating/cooling unit ventilation (2.1B) ..4:2.6
kitchen exhaust (2.1B)..,4:2,S
MIN CFM RATIO (2.1). __ 11,19
PIU (2.1D) ... ll:I,l6-20
PMZS (2.1D)...11:2,S-7
PSZ (2,10) ...11:2,2-4
PTAC (Z.1D) 1:2,13
PVAVS {2.lD) 11:2,8-10
radiant panel heating/cooling (2.IB)..4:2,S
residential ground water heatpump (2.1A) 3:2,5
RETURN CFM (Z.I). 1:2,13
sizing/behavior of systems ('2 lA)...2:1,21-~3
specifying occupancy (2.lC) .6:4,Z
startup controls (2.18} ...3:4,7
steam radiation, with vent{2.1B)...4:2,S
steam radiation, without vent (2.lB)...4:2,5
symbol table (Z.IA}..,2:1,21
SYSTEM~FANS (2.1)...1:2,13
SYSTEMS, Sizing Option in (2.IA) ..2:3,3
SZRH... lOA,2-S
thermostat {2.1).,,1:2,14
VVT systems (2.1C)...9:1,2
Warmup cycle (2IC).8:3,5

VALIDATION
Validating 00£-2: Collins Bldg (2.1C) ...8:3,2-4
DOE-2 vs BLAST Comparison (2.IA), .3:3,1-3
DOE-2 vs CERL Data: VAV and Reheat (2, lA) ..3:2,3

WEATHER
Data for DO£-2 (Z.1C)...7:4,9-14
Nonstandard Weather Data (Z.IC,D) .. 10:2,2-6
Processor Update (2,IC) ..7:3,8-10
Tapes (2.1), ..1:1,17
Weather Utility Program (Z.lC). ,7:3,10-12
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• • • • DOE-2 DIRECTORY • • • •
Program Related Software and Services

Mainframe Versions of DOE-2

DOE-2.1D (Source Code)
For DEC-VAX mainframe or SUN·4 mini-computer; contact the
Simulation Research Group for directions on obtaining the Program.

DOE-2.1D (Source Code)
For DECVAX, Order #159-D622Q..OO

DOE-2.1C (Source Code)
For IBM3083, Order #158-13083-00
For DECVAXll, Order #158-DVXll.QO
For a complete listing of the software available from ESTSC order
their "Software Listing" catalog ES1'SC-2.

FTI~DOEv2.1D (Source Code)
This is a highly optimized and basically platform independent version
of the DOE-2.1D source code. Will compile for most computing sy&­
terns. The original LBL 2.1D source code is also available in a variety
of distribution formats. Site licenses and educational discounts are
available. Also available is the full set of program documentation as
distributed by NTIS and weather files (TMY and TRY) in a variety
of distribution formats.
[See User News Vo1.l2, No.4, P 16 for more information]

Simulation Research Group
Bldg. 90, Room 3147
Lawrence Berkeley Laboratory
Berkeley, CA 94720
Contact: Kathy Ellington
Phon" (510) 48~:5711
FAX: 486-4089/5172

Energy Science and Technology
Software Center

P.O. Box 1020
Oak Ridge, TN 37831-1020

Contact:
Phone: (615) 576-2606
FAX, (615) 576-2865

Finite Technologies, Inc
821 N Street, #102
Anchorage, AK 99501
Contact: Scott Henderson
Phone: (907) 272-2714
FAX, (907) 274-5379

))

Microcomputer and Pre- and Post-Processor Versions of DOE-2

PRC-DOE2 (For Microcomputers)
A fast, robust and up-to-date PC version of DOE-2.1D. Runs in
extended memory, is compatible with any YCPI compliant memory
manager and includes its own disk caching. 377 weather data files
available (Th1Y, TRY, WYEe, CTZ) for the U.S. and Canada
[See User NewsVo1.13. No.4, p.ll for information]

PRO-TOOLS
A set of programs that aids in extracting, analyzing and formatting
hourly DOE-2 output. Determines energy USe, demand, and cost for
any number of end-uses and periods. Automatically creates 36-day
load shapes. Custom rogr-ams also available.

Pre-DOE (A BDL math pre-processor)

Partnership for Resource
Conservation

140 South 34th Street
Boulder, CO 80303
Contact: Paul Reeves
Phone or FAX: (303) 499-8611

Nick Luick
19030 State Street
Corona, CA 91719
Phone: (714) 278~3131

J
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Microcomputer and Pre- and Post-Processor Versions of DOE-2
( continued)

MICRO~DOE2(For Microcomputers)
t\lICRO-DOE2 (DOE-2.1D) has been in use since 1987; it is an
enhanced PC version of the DOE-2 program (over 500 users world­
wide). Two versions of MICRO-DOE2 are available: a regular DOS
version for all m~vI-PC compatibles and an extended DOS version for
386 or 486 computers only.
(See User News VoL7, NoA, p.2 and VaLLI, No.1, p.2 for more information)

ADM-DOE2 (For Microcomputers)
ADM-DOE2 (DOE-2.1D) is for professional energy analysts who
require a state-of-the-art simulation tool for building energy use. It
performs a detailed, zone-by-zone hour-ly simulation and includes a
wide array of modeling features that make it possible 1<> simulate
"real buildings". These capabilities offer much grater accuracy and
detail than is possible with handbook methods or simplified analysis.
[See User NewsVoL7, No.2, p.f for more information]

DOE-Plus™ (For Microcomputers)
DOE-Plus is used to interactively input a building description,
run DOE·2, and plot graphs of simulation results. Features
include interactive error checking, context-sensitive help for all
DOE-2 keywords, a 3-D view of the building that can be
rotated, and several useful utilities. DOE-Plus is a complete
implementation of DOE-2.
[See User Ne.ws Vol.ll, No.4, p.4 and Vol.13, No.2, p.54 for more
information]

PrepTM
Prep is a batch preprocessor that enables conditional text sub­
stitution, expression evaluation, and spawning of other pro­
grams. Prep is ideal for large parametric studies that require
dozens or even thousands of DOE-2 runs.

"DOE-24jComply-24" (For Microcomputers)
DOE-24 is a special DOE-2 release which is both a. California­
approved compliance program for the state's 1992 non-residential
energy standards, and a stand-alone version of DOE-2.1D which
includes a powerful yet easy-to-use input preprocessor. A free
demonstration program is available upon request.
[See User News Voll2, No.2, p.2 for more information]

FTI-DOEv2.1D (For Microcomputers)
Highly optimized version of DOE-2.1D available for the following
operating systems: DOS, nIB, ULTRD{, sco UNIX, RS/6000 (AlX),
NeXT and SUN Spare. Call for more information.
[See User News Voll2, No.4, p.lG lor more information)

Graphs from DOE-2 (For Microcomputers)

Acrosoft International, Inc.
Suite 230
9745 East Hampden Avenue
Denver, CO 80231
Contact: Gene Tsai, P .E.
Phone: (303) 368-9225
FAX, (303) 368-5929

ADM Associates, Inc.
3239 Ramos Circle
Sacramento, CA 95827
Contact: Marla Sullivan, Sales
Kris Krishnamurt] , Support
Phone: (916) 363-8383
FAX, (916) 363-1788

ITEM Systems
P.O. Box 5'318
Berkeley, CA 94705-0218
Contact: Steve Byrne
Phone: (510) 549-1444
FAX, (510) 540-1778

Gabel Dodd Associates
1818 Harmon Street
Berkeley, CA 94703
Contact: Rosemary Howley
Phone: (510) 428-0803
FAX: (510) 428-0324

Finite Technologies, Inc
821 N Street, #102
Anchorage, AK 99501
Contact: Scott Henderson
Phone: (907) 272-2714
FAX: (907) 274-5379

Ernie Jessup
4977 Canoga Avenue
Woodland Hills, CA 91364
Phone: (818) 884-3997
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Microcomputer and Pre- and Post-Processor Versions of DOE-2
( continued ) )

CEDDOEDC (For Microcomputers]
CEDDOEDC (Version l.OA) is a microcomputer version of DOE-2.1D,
int.egrat.ed with a pre- and post-processing system that was designed
strictly for compliance use within the State of California. It generates
some of the standard compliance forms as output.
Refer to Pub. No. P40091009 for the CECDOEDC Program with
Manuals. Refer to Pub. No. P40091010 for the DOE-2.1 California
Compliance Manual.
[See User News VoU2, NoA, p 13 for more information

RE;SOURCES

DOE-2 User News
Sent without charge to DOE-2 users, the newsletter prints dccurnenca­
t.ion updates and changes, bug fixes, inside tips on using the program
more effectively, and articles of special interest to program users.

Regular features include a directory of program-related software and
services and an order form for documentation. In the summer issue
an alphabetical listing is pr-inted of all commands and keywords in
DOE·2, and where they are found in the documentation. The winter
issue features an index of articles printed in ail the back issues.

DOE-2 Training
DOE-2 courses for beginning and advanced users.

Instructional DOE-2 Video and Manua.l

Weather Tapes
T!vfY (Typical Meteorological Year)
TRY (Test Reference Year)

CTZ (California Thermal Climate Zones)

Pu blica tion Office
California Energy Commission
P.O. Box 944295
Sacramento, CA 94244-2950

Simulation Research Group
Bldg. 90, Room 3147
Lawrence Berkeley Laboratory
Berkeley, CA 94720

Contact: Kathy Ellington
Phone: (510) 486-5711
FAX; (510) 486-4089 or -5172
e-mail: kathy%gundog@lbl.gov

Energy Simulation Specialists
64 East Broadway, Suite 230
Tempe, AZ 85282
Contact: Marlin Addison
Phone: (602) 967-5278

JCEMjU. Colorado
Campus Box 428
Boulder, CO 80309-0428
Contact: Prof. Jan Kreider
Phone: (303) 492·3915

National Climatic Data Center
Federal Building
Asheville, North Carolina 28801 ,l;
(704) 259-0871 climate data
(704) 259-0682 main number

California Energy Commission
Bruce Maeda, MS-25
1516-9th Street
Sacramento, CA 95814-5512
1·80().772-3300 Energy Hotline

)

WYEC (Weather Year for Energy Calculation)
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(404) 636-8400
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• • DO&-2 ENERGY CONSULTANTS • •
Consulting Engineers Consultant
Craig Cattelino Greg Cunningham
Burns & McDonnell Engineers Cunningham + Associates
800505 E. Tufts Avenue, Suite 3.30 512 Second Street
Denver, CO 80237 (303) 721-9292 San Francisco, CA (415) 495-2220

Microcomputer DOE-2 for European Users Consultant
Werner Gygli Jeff Hirsch
Informatik Ener-gietechnik 2138 Morongo
Weiherweg 19 Camarillo, CA 93010 (80.5) 482-.5515
CH-8604 Volketswil Switzerland

Large Facility Modeling Computer-Aided Mechanical Engineering
George F. Marton, P.E. Mike Roberts
1129 Keit.h Avenue

.
Roberts Engineering Co.

Berkeley, CA 94708 (510) 8~1-8083 11946 Pennsylvania
Kansas City, MO 64145 (816) 942-8121

Mainframe DOE-2 rOl' European Users Consultant
Joerg Tscherry Philip Wemhoff
EMPA, Section 175 1512 South McDuff Avenue
8600 Dubendorf Switzerland Jacksonville, FL 32205 (904) 632-7303

Consultant Consultant
Steven D. Gates, P.E. Don aid E. Croy
Building HVAC Design/Performance Modeling CAER Engineers, Inc.
9718-A Fair Oaks Boulevard 814 Eleventh Street
Fair Oaks, CA 95628 (916) 638-7540 Golden, CO 80401 (303) 279-8136

Mechanical Engineers DSM and Energy Engineering
Chuck Sherman Michael W. Harrison, P.E.
Energy Simulation Specialists Energy Resource Management, Inc.
64 East Broadway, Suite 230 305 West Mercury
Tempe, AZ 85282 (602) 907-5278 Butte, MT 59701 (406) 723-4061

Consulting Engineers Consulting Engineers
Jeff Ponsness, P .E. Susan Reilly
Criterion Engineers Enermodal Engineering
5331 SW Macadam Ave., Suite 205 1554 Emerson Street
Portland, OR 97201 (503) 224-8606 Denver, CO 80218 (303) 861-2070

Consultant
Martyn C. Dodd

This Space AvailableGabel Dodd Associates
761 Sir Francis Drake Blvd.
San Anselmo, CA 94960 (415) 456-7588
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•

DOE-2 Program Documenta.tion

Document Order Number Price

DOE-2 Basics Manual (2.10) DE-920-0795-5 43.00·

SDL Summary (2.1D) D80890-17726 26.00....

Sample Run Book (2.lD) DE-890-17727 66.00*

Reference Manual (2.1A) LBL-87GB, Rev.2 115.00*

Supplement (2.1D) D80890-17728 59.00*

Engineers Manual (2.1A) D80830-04575 50.00*
[algorithm descriptions]

* P rices shown are for shipment within the United States; for
shipment to foreign countries, double the U.S. prices.

Order from:

National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161

LAWRENCE BERKELEY LABORATORY
SIMULATION RESEARCH GROUP 00-3147
UNIVERSITY OF CALIFORNIA
BERKELEY, CA 94720
USA
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